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The aim of this investigation was to establish a reliable method of measuring diaphragm movement 
during relaxed tidal breathing. This study follows a previous study in which test-retest reliability was 
established for maximal breaths but not for tidal breaths (Blaney and Sawyer 1997). Twelve normal 
subjects were tested in a semi-reclined long sitting position. Sonographic measurements were taken 
for tidal breaths during four different patterns of breathing. All breaths were controlled for inspired 
volume. Testing was repeated one week later under the same conditions. The results showed that the 
method for measuring diaphragmatic movement at tidal breathing during a given pattern of breathing 
was reliable. This method will allow further investigation of the diaphragm during different breathing 
manoeuvres at tidal volume. [Blaney F, Seaman English C, Sawyer T: Sonographic measurement 
of diaphragmatic displacement during tidal breathing manoeuvres - a reliability study. Australian 
Journal of Physiotherapy 45: 41-43] 
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Introduction 
The location and dynamic nature of the diaphragm make 
it a difficult muscle to investigate. Previous methods of 
measurement have included inductive plethysmography 
(Chuter et al 1990) and swallowed balloon catheters 
(Ford et al 1983). Both these methods are indirect and 
the validity of both methods to accurately reflect 
diaphragm movement has been questioned (Duggan and 
Drummond 1989, Grassino 1978). Recently, 
sonography has emerged as an accurate and non-
invasive method of measuring diaphragm displacement 
(Fedullo et al 1992, Housten et al1992). While Blaney 
and Sawyer (1997) established a reliable method for 
measuring diaphragmatic movement in a group of 
normal subjects during maximal breaths (ICC(I,3) = 0.9) 
the test-retest reliability for tidal breaths was weak 
(ICC(I,3) = 0.34). The authors concluded this was due to 
the variation in inspired volume relative to the total tidal 
volume for each breath (Blaney and Sawyer 1997). 
The aim of this study was to establish a reliable method 
of measuring diaphragmatic movement during tidal 
breathing. Tidal volume was chosen for its ease of 
operational definition and because it is the volume used 
most often in both a normal and patient population. 
Method 
A convenient sample of 12 naive subjects was 
investigated on two occasions with one week between 
Australian Journal of Physiotherapy 1999 Vol. 45 
tests. Subjects were excluded if they had previously 
undergone any cardiopulmonary or abdominal surgery 
or if they suffered from any cardiopulmonary disease. 
Sonograhic data of diaphragmatic displacement were 
obtained using an ATL-HDI 3000 ultrasound machine 
operated by an experienced sonographer. Hard copies 
of selected data were obtained using a Sony video 
graphic printer UP-896 CEo The ATL-HDI 3000 
ultrasound machine has been shown to be accurate 
duriug M-mode measurement with an error of ± 0.05cm 
(Blaney and Sawyer 1997). 
A Medishield Ohmeda 121 respirometer with flexible, 
corrugated ventilator tubing and cardboard mouthpiece 
was used to monitor and control the volume of inspired 
air. 
Subjects were requested not to undergo any strenuous 
exercise for at least half an hour before testing, not to 
eat for at least one hour before testing and to wear the 
same clothes on each occasion. Subjects were seated 
on an adjustable plinth with the back of the plinth raised 
to an angle of 60 degrees as measured by a standard 
goniometer. Subjects breathed through the respirometer 
whilst wearing a standard nose clip. Once they had 
settled into a regular relaxed pattern of breathing, their 
inspired tidal volume was noted. Subjects were then 
allowed to breathe without the respirometer for several 
minutes, during which time they were encouraged to 
"have a few deep, sighing breaths". 
Subjects were then asked to breathe through the 
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respirometer and were required to keep the volume of 
inspired air to within 100mL (± 50mL) of the tidal 
volume previously determined, in accordance with the 
American Thoracic Society guidelines (American 
Thoracic Society 1994). Subjects were told if the breath 
was too big or too small as a guide to the volume 
inspired. Instruction was given to relax on expiration 
without actively contracting the abdominal muscles. 
This was checked by palpating the abdomen to ensure 
no abdominal muscle contraction occurred. Subjects 
practised breathing at constant tidal volume until they 
were comfortable with the procedure. Periods of 
breathing without the respirometer and allowing deep 
breaths (sighs) as required were alternated with periods 
of controlled tidal breathing. This was done to ensure a 
relaxed position of the chest wall prior to each test run 
in an effort to keep the position of functional residual 
capacity consistent throughout the study period. 
An experienced respiratory physiotherapist instructed 
subjects in three different breathing manoeuvres. 
Measurements were also taken during uncoached 
breathing. The three coached manoeuvres were upper 
chest breathing (UCB), diaphragmatic breathing (DB) 
and thoracic expansion (TEX) (previously called lateral 
costal breathing). During UCB, the therapist's hands 
were placed below the subject's clavicles and the subject 
was asked to breathe in by lifting the upper chest under 
the therapist's hands. No instruction was given regarding 
abdominal movement. The other two coached 
manoeuvres (DB and TEX) have been previously 
described (Blaney and Sawyer 1997). Measurements 
were also taken during uncoached tidal breathing (TB). 
The breathing manoeuvres were performed in random 
order and each subject performed all breathing 
manoeuvres. 
Sonographic data were collected following the method 
described by Fedullo et al (1992). Measurements were 
recorded only for those breaths that fell within 100mL 
of the tidal volume previously determined. Data was 
recorded in centimetres and the mean of three breaths 
used for statistical analyses. 
The test was repeated on all subj ects a week later using 
an identical procedure and the original tidal volume. 
Results were analysed using the intraclass correlation 
coefficient (ICC(I,3))' 
Results 
Twelve subjects, eight females and five males, age range 
18-22 (mean 18.9) years were tested. 
Mean (SD) diaphragm movement for each breathing 
manoeuvre, SEM and ICC(,,3) are presented in Table 1. 
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Table 1. Diaphragm displacement (cm) and reliability 
analysis of the different breathing manoeuvres. 
Manoeuvre TB UCB DB TEX 
Mean 2.6 2.2 3.1 2.4 
(SO) 0.59 0.37 0.48 0.49 
SEM 0.14 0.16 0.15 0.13 
ICC (1,3) 0.67 0.89 0.79 0.75 
TB = uncoached tidal breathing, UCB = upper chest breathing, 
DB = diaphragmatic breathing, TEX = thoracic expansion 
The power to detect a difference of 0.5cm in our sample 
of 12 subjects was as follows: uncoached tidal breathing 
0.76; upper chest breathing 0.99; diaphragmatic 
breathing 0.90; thoracic expansion 0.89. 
Discussion 
The values obtained for diaphragm movement were 
slightly greater than those of Tahir et al (1973) who 
found mean diaphragm excursion measured with 
fluoroscopy during quiet breathing in supine was 1 Acm. 
The test-retest reliability was lowest for uncoached tidal 
breathing. This may have been because of the non-
specific pattern of breathing during this manoeuvre 
resulting in more variable diaphragm movement. 
Reliability for the three coached manoeuvres was high. 
This suggests that during a particular pattern of 
breathing at a constant tidal volume (within 100mL), 
the amount of diaphragm movement as measured by 
sonography is consistent. The results of this study will 
allow the relationship between patterns of breathing and 
diaphragm movement to be further investigated. It may 
be that, during quiet breathing, the pattern of breathing 
has more bearing on diaphragm movement than the 
volu1l)e of inspired air. In two previous studies which 
used' Xenon washout patterns to study regional 
ventilation, it was found that diaphragmatic breathing 
increased ventilation to the lung bases in normal 
subjects but not in patients with chronic obstructive 
airway disease (Brach et aI1977, Sackner et al1974). 
In the first ofthese studies, lung volume and respiratory 
rate were not controlled and the authors attributed their 
findings to the slower, deeper tidal volumes used by 
the subjects during diaphragmatic breathing. However, 
it is possible that their findings may have been due to 
increased diaphragmatic movement during the 
diaphragmatic pattern of breathing. 
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Further studies are required to determine the precise 
relationship between diaphragm movement and the 
regional distribution of ventilation. 
Clinical relevance The importance of increasing lung 
volume post-operatively is well recognised among chest 
physiotherapists. However, the importance of breathing 
patterns in altering the regional distribution of 
ventilation is unclear. The diaphragm may have a key 
role in altering distribution of ventilation and its 
movement can be manipulated using different coached 
breathing manoeuvres. Air which is inspired by using a 
greater contribution of diaphragm movement may result 
in increased distribution of that air to the lung bases 
even at tidal volumes. Iflung volume is further increased 
without diaphragm contribution, there may be no 
increase in distribution of ventilation to the dependent 
areas of the lungs. 
Conclusion 
This study has established a reliable method of 
measuring diaphragm displacement during tidal 
breathing manoeuvres. This will allow further studies 
to be undertaken to determine the relationship between 
diaphragm movement and regional distribution of 
ventilation. Measurements taken during tidal breathing 
manoeuvres can now be included in future studies. 
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